unusual success of 2,4-dichlorophenoxyacetic acid T?:~-D) as a herbicide is due largely to its differential toxicity for a variety of plants. Although this chemical is the most extensively studied herbicide, the mechanism of its herbicidal action remains relatively obscure. Physiologically, the toxic effects of 2,4-D may be divided into three phases: (a) absorption, ( b ) translocation, and (c) toxic action. In order to be inhibitory, 2,4-D must first be absorbed by plant organs. The primary purpose of this study was to evaluate various factors influencing the absorption of 2,4-D compounds. Weaver and DeRose (17) and Rice (13) found that maximum amounts of 2,4-D were absorbed by leaves of soybeans within a few hours after treatment. Crafts (3) theorized that esters of 2,4-D are more easily absorbed by the foliar plant parts due to solukdity in the plant cuticle. On the other hand, the polar salts would enter roots more readily. Beevers et al. ( l ) , using a malonate inhibiticn system, obtained evidence that undissociated ester molecules penetrated cells more rapidly than free acid molecules. Another factor influencing toxicity of 2,4-D is pH. Hammer et al. ( 5 ) found that 2,4-D solutions were more toxic at low pH's.
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and Rice (13) found that maximum amounts of 2,4-D were absorbed by leaves of soybeans within a few hours after treatment. Crafts (3) theorized that esters of 2,4-D are more easily absorbed by the foliar plant parts due to solukdity in the plant cuticle. On the other hand, the polar salts would enter roots more readily. Beevers et al. ( l ) , using a malonate inhibiticn system, obtained evidence that undissociated ester molecules penetrated cells more rapidly than free acid molecules. Another factor influencing toxicity of 2,4-D is pH. Hammer et al. ( 5 ) found that 2,4-D solutions were more toxic at low pH's.
Numerous investigators have shown that the addition of chemically unrelated activants increases the toxicity of 2,4-D (4, 7, 12, 13, 15, 17) . Hitchcock and Zimmerman (7) believed that adjuvants alter permeability of plant tissues and hasten penetration of the chemical. Rice (13) found that absorption of 2,4-D from solutions containing Carbowax took place over longer periods of time than from wholly aqueous solutions, and that more chemical was absorbed from solutions activated with wetting agents. According to Mitchell and Linder (12) addition of wetting agents increased absorption of radioactive 2,4-D from 3 to 350%. The addition of Dreft, a commercial detergent, increased toxicity of sodium 2,4-D to corn plants, according to Rossman and Staniforth ( 1 5 ) . Staniforth and Loomis (16) showed that decreased surface tension and increased absorption of 2,4-D from solutions containing wetting agents are probable reasons for increased toxicity, but state that the relationships are complex.
Several investigators have found a positive correlation between the presence of leaf carbohydrates and the toxic action of 2,4-D (11, 14). Hauser and Young (6) found t,hat leaf carbohydrates were necessary for translocation but not for absorption of 2,4-D.
Temperature is an important environmental factor affecting the toxic action of 2,4-D. Several investigations have shown that plants are more susceptible at higher temperatures (8, 10). One explanation seems to be that more chemical is absorbed as the temperature is increased ( 2 ) .
EXPERIMENTAL METHODS
The plant material for the various greenhouse experiments con- before treatment. The corn seedlings also were thinned to 2 or 3 plants per 4-inch pot. Spray applications were made with a converted DeVilbiss paint gun operating under a constant pressure of 20 psi. The potted plants were placed in a spray chamber on a revolving turn-table and 10 ml. of spray solution from a beaker was applied evenly through the paint gun. The sprayer was adjusted so that successive applications were made at the same distance from the plant material. In a few experiments, the plants were dipped into the spray solutions to be tested.
To measure absorption e f k t s , the soybeans were treated when the primary leaves were expanded and the first trifoliate leaves were still in the bud stage. The buds weighed approximately 0.1 gm. per pot. A pot of 2 or 3 plants was the experimental unit and unifoim units were grouped into 3 to 8 replicates. Randomized block or split plot designs were used. The plants were sprayed, and then after specified periods of time were washed thoroughly in a series of four water-Dreft solutions and finally in tap water to remove the unabsorbed 2,4-D residues. The toxicity of 2,4-D was evaluated by weighing all of the new growth above the primary leaves of soybean plants 10 to 14 days after treatment. The absorption which occurred was assumed to be inversely proportional to the weight of new growth. The method of treatment used in the corn studies was the same as for beans. The height of each seedling was measured at the time of treatment and 10 to 14 days later. The seedlings averaged 6 to 8 inches in height on the date of treatment. Reductions in the height of treated plants were assumed to be proportional to the amount of absorbed chemical.
The following technical 2,4-D compounds were used: ( a ) sodium salt, (6) monoethylamine, and (c) dioctylamine. In addition, treatments were made with 2,4-D dimethylamine salt and isopropyl ester formulations. The surface active agents used were: was slightly toxic to soybean plants; the other wetting agents per se did not produce significant injury at the concentrations and exposure intervals used.
To evaluate the possible effect of differential spray retention on the data obtained, a total of 30 measurements were made to determine the amount of spray retained by soybean plants receiving totally aqueous solutions as opposed to solutions containing 0.5% Tergitol 7, the most effective spreader used. For each measurement, 3 excised plants were inserted into a drilled wooden block (simulating a pot), placed on the revolving turntable and sprayed with 10 ml. of solution. Fifteen measurements were made for each type of solution. The plants were weighed before and immediately after spraying to determine the amount of solution applied. Averages of these measurements showed that 0.18 gm. of wholly aqueous, solution and 0.21 gm. of solution containing Tergitol 7 was retained per set of three plants.
RESULTS
The influence of wetting agents on the absorption of sodium 2,4-D (100 ppm.) by soybeans was determined in preliminary experiments. Exposure intervals of 7 , 15, 30, and 60 minutes were used. In addition, one series of plants was treated with sodium 2,4-D but not washed. This compound in wholly aqueous solutions did not enter in quantities sufficient to reduce new growth during a 60-minute exposure, but when surface active agents were added, significant absorption occurred in 30 minutes. Yield reductions were greater with a 60 minute exposure to 2,4-D sprays containing a wetting agent than for unwashed plants sprayed with 2,4-D; those plants which were not washed were exposed to the chemical for the duration of the experiment.
When the concentration was increased ten times (table 1) sodium 2,4-D without adjuvants was not absorbed sufficiently
